A reactor model for plasma-based deposition and etching is presented. Two-dimensional results are discussed in terms of plasma density, ion flux, and ion energy. Approaches to develop rapid CAD-type models are discussed.
INTRODUCTION
Plasma etching and deposition are key steps in device processing. The decreasing feature size of devices places a stringent demand on these processes in terms of critical dimension control, uniformity, and selectivity. Process optimization to achieve the desirable goals can benefit from models in a computer-aided design (CAD) environment. The models must be able to predict growth/etch rate, film composition, uniformity, etc. Etch or deposition profile shape is also of interest, for which programs such as EVOLVE, SPEEDIE, and SIMBAD are available. These programs need information on neutral and ionic species flux, ion energy, ion angle of incidence, etc. To obtain such data, one needs to model the process at the reactor level.
MODEL
The details of the model have been published [1] and only a brief outline is given below. The transport of electrons and ions is described by the moments of the 409 Boltzmann equation representing conservation of mass, momentum, and energy. The neutral gas velocity is small compared to that of electrons and ions; the latter two are primarily lost at the electrodes. So, the transport of electrons and ions is considered in a stationary, constant density, background gas. The mass conservation equation consists of generation terms such as ionization, attachment, etc., and loss terms involving recombination. Electrons and ions gain momentum from the applied electric field and lose momentum due to elastic collisions with the gas. The electron energy equation consists of thermal conduction and convection terms, energy gain from ohmic heating, and energy loss due to a variety of collisional processes. The ions are nearly at the gas temperature since they exchange energy efficiently with the gas molecules. In many respects, these equations and approach are similar to those used in device transport.
In this work, we present results for a helium discharge since it is widely used in processing mixed with reactive gases. The V. There is a substantial variation in potential in the radial direction. The radial electrical field is significant near the electrode edges. In the axial direction, the electric field is strong only near the electrodes, since the potential drops significantly in the sheath regions. In the bulk of the plasma, the axial variation in potential is small. Figure 2 shows contours of elec-- 
CONCLUDING REMARKS
In this work, we have discussed two-dimensional plasma simulations in an rf capacitive coupled plasma reactor using a first-principles based model. This type of analysis is computationally very intensive. The computational intensity gets further exacerbated when reactive gas mixtures with multiple ions, radicals and atoms, asymmetric gas injection, and threedimensional effects are included. Then, the present approach is unlikely to be used in CAD efforts; rather, it can serve as a benchmark for validation of more approximate and "quick turnaround" models. The latter may take one of the two following forms. 
